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This study was conducted to investigate the effects of natural preservatives (G3, G3-1, F3, and F3-1) using Cordyceps
militaris on improvement of food quality and safety of noodle during storage. Wheat flour noodle were prepared using three
different concentrations of natural preservatives (0.100, 0.200, and 0.400%). Changes in microbial populations, pH value,
titratable acidity, and sensory evaluation were measured during storage at 12+2°C for 3 days. Overall, use of natural preservatives
resulted in lower levels of total mesophilic bacteria, coliform, yeast and mold in noodle compared to the control. In particular,
natural preservatives using 2x MIC concentrations (0.400%) of F3 and F3-1 were effective at maintaining levels of total
mesophilic bacteria for noodle during storage. The pH values of noodle made with F3 and F3-1 were higher than the others.
The titratable acidity of noodle with natural preservatives did not significantly change during storage. In sensory evaluation,
appearance, color, and overall acceptability of noodle with F3 and F3-1 were preferred than the control. These results could
provide useful information for developing an alternative preservation method to improve food quality and shelf-life of noodle

using natural preservatives.
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A A= F2 Faget dgdwe] aH s =, Eve)
AEFZHA W2 TS Al AU A5 FETFE 1.0
x10° CFU/g ©]&}o]at, thgt-e S4dololok @t}(Korea Food
and Drug Administration 2009).

A A AddS A7) el e e
she AEl2 dyhd o 2 YR EAE HIbs AW, 1%
Wi o] &3] ARgE 2 vk SR Y EEA =

2 ARE A9, nAE A 2 A Al v
Ueil 3, AHEs s Y955 237 HolA)|
b AL T dom, ATIRE AN AT

dAwo] g T =4S A 4 9tk Fk(Branen AL
1975; Kim DH & Lee YC 2004, Lee JW 5 2000). wh&}A]
FZ ol gk 2lF T EEAS kg Tx'ﬂi 1E 34
HEANE A dAREA Y o] &l tigh AH|AES]
T7F SUE AL 9len, o] late] thdgt HAAEHA S o] 8
sto] AFREA B FAAE st A7 s o F
oJX] 11 ) thBeuchat LR & Golden DA 1989; Kim HY &
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1999; Lee YC 5 2002). =1 5 Ao AdE =17 $Ish
of Ht] 41(Han MW 5 2007), 7] E4KLee JW 5 2000; Lee

MH & No HK 2002), 3149 (Kim JS & Son JY 2004),
2kl ZEE(Sung TH 5 2010) 52 |83 A77) o] 9l
o mgk g RS Za vk el #7154
T &4 2 AN T8 8dte A= EaEt
(Brul & Coote 1999). L8]} AA71A] AL AAAHS &
HH oz FHAZ F e A B ] sidel of
g AT Hile BA ¥ Aotk

5%32(Cordyceps militaris)= T2 2% A Y3ste] o]
£ 71FE AAE FdsAY, FAE 2AE ddsk=
HAle] dFoltt FFatxe] F849< cordycepin T,
irs), A o o Aol e Aew LA
2ATHLI SP 5 2006; Cho HJ % 2007) S-elvtete] A9 Cor-
dyceps militaris, Paecilomyces japonica 3! Paecilomyces tenuipes
5o 3etasl AEel AR 98¥) St 4 37
akal AthSung IM & 1999). =3 HZ 5o fikt, ER
W o] = GOl n|AYES o] &3k WEs|ao] AEZ A

x

A& AL 7lsol S HENES AU e
2z ztel AUA] gt <& el A 1% | S7H A F
5ol 7i¥ts] 2 ItH(Trinh HT & 2007) & A =
FE9E

452l 571 g 71 '& qW RAEe] S

Xk o] 7, A2 EEE o] 8 BEA %
g Al de] &85 31 $ltH(Cabras P & Angioni
A 2000). Ahn HY 5(2013)°l] &3 Lactobacillus 2]
R o 5ol fERgRE WEAZ e ¥
ol WESA BE BFAEL TR, Feharols 5
o) 4RI Aol woblE Aoz vehde 7 gol=
=4, vl 52 ool Wy AT dg FRAel Uk A
o= Uehtor, thrdt A Ee) A9 FRREAZA 1 7h
s7go] A=l Sk Senji S T 1989; Park CS 1998; Kumar
M & Berwal JS 1998; Yin MC & Cheng WS 1998; Moon
WH & Yook KD 2014). wghx] & A= el A%
AL AR Yol v o g GAY ZATS 283 =

% o]

Fotx LIS T4 o7 o) AT LA S Artete] A
e A BAJTAAAE deeiion, ol A 57
FatAA L] H7E e 44713 <t nAEA, o8
A, e oA FA st vlAl= B3-S ARSI

JERET

1. dedE o SetEEAAel M=
2 Ao Abgd Bkt A s G ol 2El oA sfatel
AL FFol ALg3 1, ARE Table 13} 2t} G3, G3-1

A Aoy AW - QAW - o4 obAlo} kiR

9} F3, F3-12] AE-L A8, 5o Geks viz) 9= 2
A& 27) Yl v E 2dste] Aol Agetsitt 1z

B FFoE, WA, vhs, Ay, Lol 109 P
FE 71sked 121TCellA 30831 23] HHE &390t} o] S of
F}A](Advantec 5C, Advantec, Tokyo, Japan)Z o] ¥}3lF T 3]
A7 537](EYELA, Rikakikai Co., Tokyo, Japan)S ©]-&
st FE3I9Th 58k wH o A3 S-akT(Lactobacil-
lus plantarum KCTC 33031)2} Z2Ht(Acetobacter aceti ATCC
15973)2 =2 FATFLA B vrol ARSI L, 5
3tz FE5 AuFAR] A E 2RSS S%(viv)E A
718 37°C 2 30TCollA 4843t WtEBlo] WE oo
2 ARRSISITh ol Aol A E3paAAle] HAiA s
S(Minimum Inhibitory Concentration; MIC)E 473+ a1, ©]
Ao A= 12 MICMICE] 128 F%, 0.100%), MIC(0.200
%), 2 MIC(MICS] 28] E%, 0.400%)= AH&-aFSATh

AR A 237 918 AHE 58 155 27T, Seoul,
Korea) 9} 2F(Cl)= 771 % Mol $1x]&F npE| A S35t
o] ARE-SFA

=

FotaL, 7t

= o N

91, Table 29} 22 )3t v &2 #| %3519
AA(G3, G3-1, F3 & F3-1), &%, &

o 7peel St

< HUlsted WkE7)(K5SS, Kitchenaid, Geonggi-do Korea)S
AHgate] Wit & 5TEAIS] S% F 29 5%, 48]
3ES AA HESE 7 =2 v wlof] gol AFoA] 30
B SAAIAT A B AT E o] &31] 5TA| 9
2215 52AA oF 2 mm F9] WS 43503, 3 mm

Table 1. Component and concentration of natural preser-
vatives (G3, G3-1, F3, and F3-1) in used in this study

Concentration of preservative (%)

Component
G3 G3-1 F3 F3-1
Green tea extract 30 30 30 35
Garlic extract 15 10 20 15
Coconut extract 30 35 30 20
Grape extract - - 20 10

Extract of Cordyceps
militaris fermented by 25 20 - -
Lactobacillus plantarum

Extract of Cordyceps
militaris fermented by - - 20 30
Acetobacter aceti
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Table 2. Formula for raw noodles prepared with various
concentration of natural preservatives (G3, G3-1, F3, and
F3-1)"

Preservatives (%)

Ingredient
0 0.100 0.200 0.400
Wheat flour (g) 100 100 100 100
Preservative (mL) 0.00 0.14 0.28 0.56
Salt (g) 3 3 3 3
Water (mL) 40 40 40 40

Y Ingredients and composition was described in Table 1.

yHle] © 7heto 2 Jol Alg 2 ARSIt Alzd A
10 g T 2 v E3ste] X]5]9(3M Korea, Seoul, Korea)ol] %
o] 12CelA 0, 1, 2, 3L A3, n|YEsHA, o] 5lstA
9 W54 dxte] Wigts #Esiith

‘='._1§P

2 AW 10 g& FFHiM, St
Paul, MN, USA)Oﬂ st —H 0.1% peptone water(Difco, Detroit,
MI, USA) 20mLE 2] stomacher(BagMixer”
France) 2 9023+ wASlelith A1@ 9 | mLE 108] TA=
AAE 3|4 ste] ZTE Aerobic Count Petrifilm(3M)°ll
5ke] 37CellA 24~48A13F v eFate] @/dH colonyE 7l
FIFATh 22 WHo 2 8§ W/F0]= Yeast and Mold Pet-
rifilme]] &F3ke] 25ColA 3~5Y, AT Escherichia
coli and Coliform Petrifilmel] :r:—rOI'Oﬁ 37Tl A 24~48A|7F
sl H24 7125 9733 colonyE Aottt WA
5 & log CFU/ge.2 YERiAT

400, Interscience,

T (3M)ell Eo] stomacher
A & dAskE Alg] tiel pH B A=E
=781t} pH+ digital pH-meter(PHi-510, Beckman Coulter
Inc., CA, USA)E AH-8le] S48tk AH=E AOAC A
A S Faslich #E3E AR 10 mLell 1% phenolphtha-
lein(77-09-8, Duksan Pure Chemicals, Gyeonggi-do, Korea)<
AAleke® 10 yLE 7heksith dd sk AR 10 mLE F

A7) 248" 0.1 N NaOH(S0610, Samchun Pure Chemicals,
Gyeonggi-do, Korea) £ lactic acid (%)= $Hitkst

of EAISI, okl 4zt 2ol Axseck

% acid (TA) =

BGFTAAE A 4] FA 54 437

Vol. of NaOH (mL) X N(NaOH) X Acid meg Factor < 100
Mass of sample(g)

Vol. of NaOH (mL): Total volume of NaOH used for
titration
N (NaOH): Normality of titration (NaOH)

Acid meq. Factor: Miliequivalent weight of acid (lactic acid:

0.09008)

5. ZtsAAl
SHFA 1% & 7}5} A iste] St 4
et et 108 o= oa A gk AAZ <l 7]
Tof ths Jd'—L(—;‘ 4/\]— AN ST 7B EE 1S ZTKS

HEo|th33), Ath2A), W$ Ath1)e] 5
Hedes B Bl ens A7) )
ARrel e TR Hedt.

6. 4 =4

A8 A= SAS EAZ 2 23 (version 9.4, SAS Institute,
Cary, NC, USA)2] ANOVA procedureE ©] &3] #4331
ok Z4zke] A7t AR FoakE vehlle Al
<0.05) 35HE A gl oJgt H g2 Duncan’s multiple range
testS ©]-&3te] A5

#An o o

1. 2tstRAME Holst Mool n|MESHM EN
Bt AAI(G3, G3-1, F3 9 F3-1)E #H7lsle] A1=x3
AES 12Tl 397 ARt 204, AT a2
oS =73 AFE Table 30 JERAATE AEFH 9
&AW AF] ARTFAL FHAA AF B, T

6.00 log CFU/g ©]st= 73 o] ot} FA 23 Fdre
z719) 2.66 log CFU/goll A A% 39 Fol= 6.33 log CFU/g
A F7Vel, 71EAE 29ste AR YEYTE Lee &
No(2002)2 ™S 10Tl AF Al 64 o] Fol| ZT<7}
6.00 log CFU/gll =3l o2 Huste] A3 Az} ur
Ehtou, A% &l whet rjAE A&l o]zt vehd

& g Uk e BAAAAE Hotek S W Xdﬂ&li_o_
2 AR < BE AU FA TR A E S
o] AAld Aoz Yyelydt) 53], 0.400%2] F3-1= 78k
AW A% 3d & T B iAol 0.83 2 1.43 log
CFU/g& Yeldo] Tl gtel vls] Eao= ngE 5
2ol AAlE Aoz YEuTtHp<0.05). ER/&F0le] 4T,
0.400%2] F3E& 71k Aol A7 34 & 1.03 log CFU/g
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Table 3. Populations (log CFU/g) of total mesophilic bacteria, coliform, and yeast/mold on raw noodle at different
concentration of preservatives (G3, G3-1, F3, and F3-1)" during storage for 0, 1, 2, and 3 days at 12T

Storage time (days)

Microorganisms ~ Preservatives ~Concentration (%)

1 2 3
Control 2.66+0.06"5 2.88+0.14"% 4.88+0.46"° 6.33+0.15%
0.100 2.72+0.60"% 3.41+0.80* 2.98+1.40"8® 5.00+0.80"<
G3 0.200 2.43+0.305 2.860.90"5 2.92+1.60"5% 5.17+0.10%™
0.400 2.500.505 3.16+0.50* 3.11+1.40%% 5.8440.204P<
0.100 2.24+0.165 2.710.15% 3.840.2045CP® 5.47+0.66"P>
Total G3-1 0.200 2.58+0.4445C 2.28+0.505 3.82+0,904BP° 5,150,515
mesophilic 0.400 1.69+0.39 2.24+0.375¢ 3.1340.16°PF 5.3620.514BC=
bacteria 0.100 3.3120.90" 2.63+0.20"% 2,330,605 E 3.90+0.40
F3 0.200 2.24+1.20%P2 2.56+0.30"5 1.56+1.40% 2.28+0.90"
0.400 2.68+1.4045% 2.20+0.205% 2.28+0.80™ 2.21£0.30"
0.100 2.500.155 2.25+0.255 4.75+0.50" 6.23+0.144
F3-1 0.200 2.57+0.41485C 2.21£0.125¢ 3.55+0,275CPE 4.65+0.28"™
0.400 2.08+0.04°P® 1.44+0.56°° 2.64+0.28P% 0.83+1.43%
Control 2.02+0.18% 1.30+£0.10%B° 1.76+0.22*° 3.42+1.314
0.100 1.38+0.50"5 1.24+0.90*% 0.32£1.00“ 1.81£1.3045*
G3 0.200 0.66+0.90% 1.10£0.505 0.42:£1.20% 1.60+1.30%5%
0.400 0.7840.305 2.11+0.50* 0.39+0.70° 2.01+1.00"5®
0.100 1.11£0.584B® 0.52:£0.35%* 1.58+0.4245 0.94+0.455C®
G3-1 0.200 1.16+1.0145® 0.00+0.56“* 1.38+0.2145¢ 1.07+1.035%
Coliform 0.400 0.52+0.54" 0.42+0.155 1.150,1748C® 1.22+0.085
0.100 1.7340.60"5¢° 0.80+0.80%® 1.31£0.40™ 1.51£0.205¢®
F3 0.200 1.69+1.00"5 0.94+0.205 0.87+1.30"5% 1.2241.705%
0.400 1.08+0.7045 0.64:+0.60%* 0.36+0.50%* 0.55+0.60"
0.100 1.81:£0.75"5 1.04£0.175% 1.9440.124 2.61£1.48%%
F3-1 0.200 1.46:+1,02°5C® 0.8020.145 1.180.63"5C 2.31+0.30"5%
0.400 0.86£1.1045 0.81:£0.49% 0.58+0.51% 1.43£0.86%
Control 2.04+0.02% 2.03+0.10™ 3.1840.19"° 4,38+£0.23"5
0.100 1.28+0.305CPE 2.37+0.90* 1.2040.30P5 2.44+0.30°PF
G3 0.200 1.14£0.30P5® 2.02+0.40" 1.05+0.506 1.00+1.00"
Yeast/mold 0.400 1.03+0.60°% 2.14£0.70* 0.76+0.50% 1.78+2.70P%
0.100 1.7240.2748¢ 1.78+0.3545¢ 2.87+0.36* 3.55+0.20%
G3-1 0.200 1.70:£0.2345 2.1340.56™ 3.05+0.63% 3.46+0.035
0.400 1.82+0.074° 1.78+0.1545 2.13+0.15P% 2,910,385
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Table 3. Continued
Storage time (days)
Microorganisms  Preservatives Concentration (%)
1 2 3
0.100 1.49:£0.407BCDe 2.19+0.40"° 1.55+0.205 3.50:+0.305¢
F3 0.200 1.22:0.70B¢P¢ 2.15+0.80™° 1.51£0.30B¢Pa® 3.12:0.408¢Pa
0.400 1.48+0.90"BCP= 1.90+0.70" 1.12+0.60% 1.03+1.80™
Yeast/mold
0.100 1.7140.15%8¢ 1.47+0.17°8¢ 2.69+0.1048° 5.44+0.84
F3-1 0.200 1.79+0.358¢ 1.55+0.1448¢ 2.69:+0.0748° 4.08+0.2248
0.400 0.76:+0.49% 0.90:£0.49%¢ 2.20+0.145¢P° 4.10+£0.6748

A~G Means in the same column with different superscript capital letters denote significant difference (p<0.05) between the values for the

different preservative treatment of storage days according to Duncan test.
24 Means in the same row with different lowercase letters denote significant difference (p<0.05) between the values for the different days
of storage for each preservative treatment according to Duncan test.

" Ingredients and composition was described in Table 1.
The detection limit was < 0.48 log CFU/g.
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Fig. 1. pH value of the raw noodle at different concen-
tration of preservatives (G3, G3-1, F3, and F3-1)" during
storage at 12C.

Storage time (days)
(C) 0.400%

" Ingredients and composition was described in Table 1.
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Fig. 2. Titratable acidity (% lactic acid) of the raw noodle
at different concentration of preservatives (G3, G3-1, F3, and

F3-1)" during storage at 12°C.

" Ingredients and composition was described in Table 1.
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Table 4. Sensory evaluation (5 score) on raw noodle at different concentration of preservatives (G3, G3-1, F3, and F3-1)"

during storage for 0, 1, 2, and 3 days at 12C

Storage time (days)

Attributes Preservatives  Concentration (%) | 5 3
Control 4.07+0.83* 3.10+£0.97% 4.00+0.63"5 2.86+0.90°PF
0.100 3.40£0.50% 3.20£1.17% 2.82+1.25™ 2.70+1.30°%
G3 0.200 3.40+0.50% 3.00+0.78% 2.82+1.25™ 2.90+]1.12¢PF
0.400 3.40+0.50% 3.10+0.87% 2.82+1.25™ 2.90:1.00°PF
0.100 4.29+0.49" 3.60+0.70* 3.67+0.8745 3.00:£0.82°PF
G3-1 0.200 3.86+0.6982 3.10£0.32% 3.44+1.13 3.25+0.96°>
Appearance 0.400 4.14+0.69* 3.00£0.67 3.56+£1.24"8¢P 2.25+0.50%
0.100 3.20£1.15%° 3.00+0.78% 3.45+].3748 3.5020.504 5P
F3 0.200 3.20£1.15% 3.20+0.78% 3.73+1.354% 4.00+0.67"%
0.400 3.20£1.15% 3.80+1.094% 3.82+1.40™ 4.10£0.71%
0.100 4.14+0.69" 3.20+0.635® 3.50£0.715P= 2.67+0.58"
F3-1 0.200 3.86£1.074% 4.20+0.63" 3,500,715 3.33+0.585
0.400 3.43+1.40% 3.60=1.074% 3,500,715 3.330.585
Control 4.07+0.9245% 3.25+0.97ABP 4.00+0.63"5% 3.00+0.58PPF
0.100 3.40£1.26< 2.9040.97°"° 2.64+1.21P5 2.10+1.27°%
G3 0.200 3.40£1.26< 3,300,674 2.45+] 295 2.5041.01°8FCP
0.400 3.40+1.26 3.300.6745 2.36+1.297 2.701.09“PFF
0.100 3.7120.76*5 3.60+0.9745 3.4440.73> 3,250,505
G3-1 0.200 3.43+0.98 3.40+1.074PP 3.33+1.32°P% 2.50+1.005F%
Color 0.400 3.86+1.0745 3.20£1.145 3.11£1.27°F 2.00+0.82%
0.100 3.60+1.29% 3.30+0.834PP= 3.27+1.358Pe 3.60+0.834%
F3 0.200 3.60+1.295 3.70+0.7145 3.82+1.40%% 4.20+0.53"
0.400 3.60+1.295% 4.00+£0.874% 4.00+]1.48" 4.00+0.83
0.100 4.43+0.53" 2.7020.67> 3.50+0.71<P® 2.67+0.58PE®
F3-1 0.200 4.29+0.95% 4.10+0.74" 3.50£0.71™ 3.0020.00%P%
0.400 4.00+1.4145% 3.70+0.9545 3.50+0.71<> 3.33+0.585
Control 3.60£0.46"% 3.25+0.854F% 3.20£0.77% 3.20+0.88*
0.100 3.60+0.525 3.70+0.87* 2.82+1.334% 3.40+0.88™
G3 0.200 3.60+0.585 3.20+0.934F% 3.18+1.40* 3.20+0.87*
Odor 0.400 3.60+0.585 2.5041.00°™ 2.73+1.4248% 2.8040.78%
0.100 4.29+0.49* 3.50+£0.714B° 3.44+0.88* 3.00£0.82%
G3-1 0.200 3.71£1.115% 3.70+0.67* 3.67+0.87% 3.50+0.58™
0.400 4.14+0.38A 3.5040.534% 3.78+1.09% 3.00+1.15%
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Table 4. Continued
Storage time (days)
Attributes Preservatives  Concentration (%) | 5 3
0.100 3.20+0.82% 3.70+0.874 2.82+1.40%% 2.90+1.00"
F3 0.200 2.60+0.96™ 3.20+].2248% 3.00£1.674% 3.00+1.45%
0.400 2.60+0.96™ 2.00+1.27™ 2.18+1.78% 1.70+1.09%
Odor 0.100 4.2940.76* 3.1041.204B 2.5040.71% 3.00+0.00"°
F3-1 0.200 3.57+1.135% 3.80+0.974 2.50+0.71% 3.00+1.00*
0.400 2.00+0.58% 2.60+0.795> 1.50+0.71¢ 2.00+1.00%
Control 3.93+0.8345¢ 3.10+£0.79% 3.91+0.70* 3.14+0.69*
0.100 3.40+0.50°P% 3.30+0.97%% 2.45+].13PE 2.80+1.05%
G3 0.200 3.40+0.50°P" 3.10+0.875% 2.91£1.3048P2 2.80+1.0%
0.400 3.400.50°% 3.000.7850 2.36+1.03°% 2.80+0.60"5
0.100 3.71+0.76% 3.70+£0.674% 3.56+0.734B° 3.25+0.50*
G3-1 0.200 3.29+0.49P% 3.40+0.70% 3.33£].1248 2.75+£0.96*%
acc(e);:sgity 0.400 3.2941.11P% 2.90+0.575 3224120 22540,50%
0.100 3.20+0.82°% 3.30:£0.445% 3.18+1.404B< 3.40+0.73*
F3 0.200 2.60£0.96™ 3.000.785C® 3.36£1.50%% 3.40+£1.334%
0.400 2.60+0.96™ 2.60£1.66% 2.91£] 8148 2.70+1.174%
0.100 4.43+0.53" 2.90+0.745 3.00+0.005® 2.67+0.58"5
F3-1 0.200 4.00+0.824% 4.20+£0.63* 3.00+0.00%P 3.33+0.58™
0.400 2.86+0.695 3,101,105 2.00£0.00™ 2.33+0.58%"

A~G Means in the same column with different superscript capital letters denote significant difference (p<0.05) between the values for
the different preservative treatment of storage days according to Duncan test.

** Means in the same row with different lowercase letters denote significant difference (p<0.05) between the values for the different
days of storage for each preservative treatment according to Duncan test.

Y Ingredients and composition was described in Table 1.
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